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S-1. Explicit formula of the first-order interacting space (FOIS)
Below is the explicit formula of the FOIS generated by multiplying the Hamiltonian operator to Hartree-Fock (HF) and configuration interaction singles (CIS) wave functions. MO indices, a, b, …, and i, j, …., indicate unoccupied and occupied orbitals, respectively. is a spin-adapted excitation operators that excites an electron in an occupied orbital i into an unoccupied orbital a. and denote a matrix element of one-electron and Fock operators, respectively. is a CIS wave function coefficient.
S-2. Derivation of the perturbation equations for solving the wave function
To determine the coefficients in eqs. (15) and (16) 
where Φ | HF| . Because LMOs were used for the one-electron basis, Fock matrix involves non zero elements, and the eq. S4 were solved iteratively. The second-order energy is a summation of the energies of the fragments.
The equations for solving the Ξ operators were solved in the same way as equations S3-S7. The second-order energy is given by
The dispersion effect was estimated as
The polarization and dispersion contributions from each solvent were obtained from eq.s S9 and S10, respectively.
S-3. Fragment population based on the Löwdin population analysis
To determine localized molecular orbitals (LMOs), we used a localization procedure that we developed in our previous study. [1] A set of reference MOs (RMOs) was introduced, and the canonical MOs of total solute-solvent system was transformed by a unitary matrix that maximized overlap integrals with the RMOs. We used predefined RMOs that were calculated for each fragment as an isolated molecule. Figure S1 , MOs 1 to 16 are 1s core orbitals that are already local in their fragment. Each core MO has near 1.0 population in one of the fragments. MOs 17 to 27 are valence MOs of acrolein. These orbitals were transformed to be very close to their RMO by the localization procedure. As a result, these MOs populate on fragment 1 (acrolein). Not only occupied space but also unoccupied space was successfully transformed to LMOs localized within one of the fragments. (2) (a) π orbital, (b) π* orbital, (c) dipole moment in the S 0 and (d) S 1 states of MCP in gas phase.
The excited states were calculated at the ground-state energy minimum structure in each molecule.
The center of mass was taken as the gauge origin. MD was performed at 300 K and 1.0 atm for 5 ns. After equilibration, we took one of the snapshots.
S-7. Tables of the 2 nd order contribution to excitation energy
In this section, numerical data of Figures 2 and 3 is tabulated. See Tables S1 and S2 for Figure 2,   and Table S3 for Figure 3 . 
